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EXECUTIVE SUMMARY

This report provides a comparative analysis of two ultrasonic inspection procedures for Kaman Aero-
space Corporation's K747 root end fittings. The procedure currently being used was originally developed by
Truton under contract through Kaman Aerospace, the fabricator of the root end fitting. The other proce-
dure is a revision of the existing Truton procedure which was prepared by the U. S. Army Materials Techno-
logy Laboratory (MTL). Both procedures were compared against a sample of ten previously rejected root
end fittings. Table 1 provides, at a glance, the major differences between the two procedures.

Table 1. COMPARATIVE SUMMARY BETWEEN ROOT END FITTING INSPECTION PROCEDURES

Truton MTL

Wedge Angles 50, 60 45, 55, 65, 67

Transducers 5.0 MHZ (All) 5.0 MHz (All)
0.250" Diam (All) 0.250" Diam (45, 55, 65)

0.1875" Diam (67)

Wedge Contour 4.75" (All) 4.75" (Large O.0.)3.75" (Small O.D.)

Calibration Same Principle with Slight Design Changes
Standard

Rejection Modified DAC Curve Flat Level
Criteria

Findings

The Truton procedure is more sensitive than originally planned; i.e., rejects on a 3/64-inch size flaw.
This is due primarily to the selection of the 50- and 60-degree angles which are not optimum when used with
the existing calibration standard. As a result, a higher gain is needed to bring the signals to 100% screen
height than is necessary with the 45- and 55-degree angles of the MTL procedure. The MTL procedure has
been artificially adjusted at the 45-degree and 55-degree angles by adding gain over that required to cali-
brate on the 3/64-inch hole, thus bringing the results approximately equal to those of the Truton procedure.
This practice also makes the MTL procedure more sensitive than originally planned.

The 65-degree angle is more sensitive than the 60-degree angle when scanning the near surface
portions of the fitting. A reduction of 3 dB is necessary when using the 65-degree angle to approximate the
results achieved by the 60-degree inspection.

The 45-degree and 55-degree angles are more sensitive than the existing 50-degree and 60-degree
angles.

The Truton procedure will reject more fittings than the MTL proposed procedure. This is due
primarily to the differences in rejection criteria. The Truton procedure uses a Distance Amplitude Correc-
tion (DAC) type rejection curve which will reject fittings using smaller screen signals than that proposed by
MTL which is based on a uniform height. Whether or not the signals resulting in rejection of the fittings are
relevant in any area of the sample fittings has not been investigated. To do so would require destructive
testing.

Conclusions

The Truton inspection procedure, when being used by experienced operator personnel, will provide a
sensitive inspection. From the standpoint of safety of flight, the procedure is conservative in nature in that it
is more likely to reject good root end fittings than accept bad fittings. This is based on our finding that it is
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more sensitive than originally planned. The Truton procedure is likely to produce operator-to-operator dif-
ferences in inspection results primarily because of the layout of the calibration standard and the calibration
procedure required to establish the DAC-type rejection curve.

The Truton procedure can be improved upon, but none of the suggested revisions within the report is
considered mandatory in view of the conservative nature of the existing procedure. As a result, the major
significance of the report is to serve to substantiate the sensitivity of the existing procedure and provide the
PM Cobra with the option of implementing improvements if desired.

INTRODUCTION

This report provides a detailed comparison of procedures for ultrasonically inspecting Kaman Aero-
space Corporation's K747 root end fittings for the U.S. Army AH-1 Cobra Helicopters. These inspections
are necessary because defects are occurring at the forging parting plane of the fittings. If defect size reaches
a critical point, an in-service failure would result, possibly causing loss of life and aircraft.

Discussed first is the need for inspecting the fittings. The Truton/Aerospace inspection procedure,
which is now the approved procedure, is then presented. Some difficulties with the calibration and inspec-
tion procedure prompted the U.S. Army Materials Technology Laboratory (MTL) to re-evaluate them. A
new procedure has been written and is explained. Test result data is illustrated to compare the procedures.

BACKGROUND/HISTORY

The root end fitting is a forged, high-strength aluminum alloy 7049 in the overaged T73 condition
(Figure 1). This alloy has a high resistance to stress corrosion cracking.1 The root end fitting is the part of
the rotor assembly which holds the blade to the helicopter (Figure 2).

During the forging process, the excess aluminum is forced out of an opening in the die. The grains at
this area, called the parting plane, are unidirectional. There is a strong likelihood of defects occurring in this
area. The forces being applied to these fittings while in service could cause the defects to propagate,
potentially resulting in failure. Defect propagation has also been found to occur when the fittings are in stor-
age. The cause of these defects is mostly attributed to hydrogen embrittlement, which is possibly a form of
stress corrosion. 2 This condition occurs when the fitting is in the hot, humid environment of the blade box.3

The defects have a planar orientation parallel to the unidirectional grains in the parting plane.

TRUTON/AEROSPACE INSPECTION PROCEDURE

The original procedure was written by Truton Nondestructive Testing Services, a private company con-
tracted by Kaman to develop a test for the fittings. Truton developed a portable ultrasonic procedure utiliz-
ing shear waves. Aerospace Testing Lab was also contracted by Kaman to provide a third revision to the
procedure, Truton having completed the first two revisions. The inspections are currently being performed
every 120 days. This report will consider the procedure singly without regard to the specific author of a
given section. See Appendix I for a copy of the current revision. The following paragraphs will summarize
the major portions of Truton/Aerospace's procedure.

1. BUSCEMI, C. D. FailureAnalysis ofAli- Helicopter Blade Root Fitting. October 29, 1986, p. 1.
2. KULA. E. B. Trip Report toAVSCOM, St. Louis, MO, 8January 1987. January 28. 1987. p. 1.
3. Kaman Aerospace Corporation, K747 Root Fitting Investigation Status Report. January 8, 1987.
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Personnel

Personnel are to be certified in Ultrasonics to Level II or III in accordance with MIL-STD-410.

Transducers/Wedges

The required transducers have a frequency of 5 MHz and a size of 0.25 inch. They are fitted with
wedges to transmit 50-degree and 60-degree shear waves into the fitting. The face of each wedge is con-
caved to match the fitting's large outside diameter of 4.75 inches (Figure 3).

Calibration Standard

The calibration standard is made using the same material, configuration, and fabrication process as that
of the root end fitting (Figure 4). There are four 3/64-inch diameter flat bottom holes (FBHs) drilled into
portions of the two diameters to be tested. These holes are used for creating the DAC curves used in the
inspections. EDM notches used to calibrate the horizontal sweep range are also cut into the standard.

Calibration Procedure

The first calibration which the procedure calls for is the horizontal sweep range. This is accomplished
by first establishing the beam exit point of the 60-degree probe using an EDM notch on the standard. The
exit point reflection is set at the 0 division on the horizontal scale. Then, the same notch is located from a
circumferential surface distance of 2.125 inches. This reflection is set at 7 divisions on the horizontal scale.
When setting the second reflection, the first may have shifted slightly. If so, then the first step must be
repeated. This whole process must be repeated until the reflections can be seen at 0 and 7 divisions.

The DAC curve establishes the sensitivity of the examination. The procedure calls for each probe to
reflect sound from two FBHs in the thick section of the standard to produce three points on the screen (one
FBH being struck twice at different distances). From these points, separate DAC curves are created for
each probe. On a designated initial FBH for each probe, the reflection is maximized and the gain adjusted
to display the reflection at 100% screen height. The other two FBH reflections for each probe yield smaller
amplitudes. Only the 60-degree probe is moved onto the thin section of the standard. The reflection from
its FBH is maximized, and the gain is adjusted to match the already established 60-degree DAC curve.

Inspection Data

There is a standard ultrasonic response log sheet onto which all data is to be recorded. The data is
recorded as a percentage value of the inspection signal amplitude compared to that of the corresponding
point on the DAC curve. All indications which are equal to or greater than 30% are recorded. All
indications which are greater than 100% are cause for rejection.

DIFFICULTIES WITH THE TRUTON/AEROSPACE INSPECTION PROCEDURE

There are several difficulties associated with the Truton/Aerospace calibration and inspection proce-
dure. These difficulties are discussed in the following paragraphs.

Transducer Wedge Diameter

The transducer wedge diameter is required to be machined to 4.75 inches (Figure 3), which matches the
larger outside diameter ot the fitting. The same 60-degree probe is used to calibrate and inspect the smaller
diameter of 3.75 inches. When this is done, there is considerable front-to-back wobble which alters the
angle at which the soundwave is striking the FBH or the defects. These angle changes have a considerable
influence on the magnitude of the reflections.
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Transducer Wedge Angles

The transducer wedge angles have not been selected for maximum sensitivity during calibration. When
performing the calibration procedure, the 60-degree shear wave is required to hit FBH #2 from 1.25 inches
away from the parting plane, FBH #1 from 0.25 inch away, FBH #1 from 2.125 inches away, and FBH #4.
There is no guidance as to the distance for FBH #4.

The 60-degree shear wave that hits FBH #2 from 1.25 inches simultaneously hits FBH #1. Although
the reflection from FBH #2 is not perpendicular, the superimposition of the FBH #1 reflection increases
the overall indication amplitude. This becomes obvious upon review of Figure 5, which shows the center of
the beam approximately midway between FBH #2 and FBH #1. The soundwave that hits FBH #1 from
0.25 inch does not hit the bottom perpendicularly, causing a decrease in reflection magnitude. If it did hit
perpendicularly, the magnitude of a reflected soundwave would be greater than that of FBH #2, because of
the reduced sound path distance (SPD) (Figure 6). The soundwave that hits FBH #1 from 2.125 inches
(Figure 7) is also not perpendicular to the bottom. This soundwave will have to skip off of the outside dia-
meter before returning to the transducer. In addition, the beamspread of the soundwave also hits FBH #2,
causing an additional reflection.

The procedure calls for a reflection from FBH #4 using the 60-degree probe on the thin section of the
standard, but gives no guidance as to the circumferential distance from the bottom of the FBH. The best
reflection is achieved at a distance of approximately 1.75 inches (Figure 8). At this point, however, the
soundwave still does not hit the bottom of the FBH perpendicularly. The magnitude of the indication sug-
gests that the soundwave is striking the FBH at an angle which permits the reflected sound to return to the
transducer after echoing off the surface of the standard. The signal returning to the transducer in this case is
also influenced by the reflection from the corner of the FHB where the sound strikes and returns directly to
the transducer.

The calibration procedure also requires the use of a 50-degree shear wave. The 50-degree shear wave
is required to hit FBH #2 from 1.00 inch away from the parting plane, FBH #3 from 1.25 inches away, and
FBH #2 from 1.625 inches away.

The 50-degree shear wave that hits FBH #2 from 1.00 inch does not hit the hole bottom perpendicu-
larly (Figure 9), causing a decrease in reflection magnitude. When hitting FBH #3 from 1.25 inches, the
soundwave again does not hit perpendicularly to the bottom (Figure 10). In addition, the beamspread also
causes it to hit FBH #2, influencing the size of the on-screen indication. When hitting FBH #2 from 1.625
inches, the soundwave does not directly hit the bottom, and it is also hitting FBH #3 (Figure 11). The
50-degree probe provides little, if any, coverage of the larger section inside diameter, reducing the chances
of detecting very small discontinuities.

With so many factors introducing variations, it is difficult to produce a consistent DAC curve for either
the 50- or 60-degree probe using thcse techniques.

Calibration Standard

The calibration standard (Figure 4) is made with the four 3/64-inch FBHs used for calibration. Three of
them are vertically lined up. This causes the soundwave beamspread to frequently hit more than one hole at
a time, thus influencing the magnitude of the reflected wave.
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Calibration Procedure

DAC Curve

Another difficulty with the Truton/Aerospace procedure is in establishing the DAC curve. It is impor-
tant to have a clear understanding of the DAC curve before it is discussed relevant to the procedure. The
DAC curve is set up on the CRT by plotting and connecting points which represent the reflections of several
artificial flaws at different depths. The reflecting surfaces of the flaws must be equal in area.

The most common reflector used is the FBH. If a part has several FBHs, all being the same diameter,
parallel to each other, but at different depths (Figure 12), their maximum reflections may be used to form a
DAC curve. The most important requirements are that the soundwave must strike the same size area of
each FBH at the same angle. If a soundwave strikes a FBH at 90 degrees, it will result in a maximum signal
amplitude. If the transducer is moved to a position over a second FBH which has been drilled at a 30-degree
angle to the first (Figure 13), the maximum signal amplitude will be reduced, even though the material dis-
tance and FBH diameter are the same as the first. This problem would be compounded by adding or sub-
tracting material distance from FBH b in Figure 13. If, however, two FBHs with equal diameters located at
different material distances from the transducer are struck at 30 degrees (Figure 14), the consistency of the
angles between the two FBHs will permit a valid DAC curve to be drawn from the reflections.

The procedure created by Truton/Aerospace is dependent upon a classic setup of a nonelectronic DAC
curve. This would be routine if all the FBHs could be struck at the same angle for each DAC curve; how-
ever, they cannot. This is because of the curved contour of the standard. When calibrating on a curved sur-
face and setting up a DAC curve on parallel FBHs, a single hole cannot be hit twice at the same angle from
different distances without skipping off a surface. Surface skipping creates another problem, which will be
discussed in the following section.

Surface Skipping

The Truton/Aerospace procedure utilizes an outside diameter skip when calibrating and inspecting with
the 60-degree probe from a distance of 2.125 inches. Figure 7 shows the sound hitting the bottom of the
FBH at such an angle that the sound must reflect off of the top surface before it returns to the probe. This
will only work consistently if all the couplant is removed from the surface of the fitting from where the wave
is going to skip. As much as 20% of the sound can be absorbed and scattered in the couplant, depending on
the acoustic impedance of the couplant and the quantity on the surface.

Conclusions

The existing procedure is in actuality more sensitive than originally planned; i.e., capable of detecting a
flaw of 3/64-inch size. This is because, in calibrating with the 50- and 60-degree angle wedges, the FBHs are
not being struck at an optimum angle, therefore resulting in a smaller reflection. This point was verified
when 45- and 55-degree angle wedges were substituted for the 50- and 60-degree wedges and produced lar-
ger signals on screen at the same gain setting.

The Truton procedure is prone to variations from operator-to-operator, particularly because the
establishment of the DAC curve is very sensitive to transducer positioning. Thus, it is important to use
experienced personnel.

Several modifications are possible to improve the precision, accuracy, and ease of use of the existing
procedure. A wedge machined to a radius of 3.75 inches would eliminate wobble problems on the smaller
diameter. The wedge angles can be modified to strike the calibration FBHs individually and
perpendicularly. A new calibration standard has been made with the FBHs spaced so that the beamspread
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of the soundwave will not strike more than one FBH at a time. Finally, because of the consistency problems
when setting up the DAC curve, an alternative method can be developed.

U.S. ARMY MATERIALS TECHNOLOGY LABORATORY INSPECTION PROCEDURE

The procedure created by MTL will: (1) utilize two transducer wedge radii instead of one, (2) utilize
four different transducer wedge angles instead of two, (3) utilize a different configuration for the calibration
standard, and (4) use a different calibration procedure which replaces the DAC curve with vertical ampli-
tude rejection levels. These changes will simplify the calibration and inspection procedure resulting in
increased reliability of the test. See Appendix II for a complete copy of MTL's inspection procedure.

Transducers/Wedges

The transducer wedge angles chosen are 45, 55, 65, and 67 degrees. The 45-, 55-, and 65-degree probes
are used for inspecting the larger outside diameter of 4.75 inches. The 67-degree probe is used for inspect-
ing the smaller outside diameter of 3.75 inches. This combination of angles completely covers all areas of
concern within the parting plane and reduces the required surface scanning distances, ensuring that the
sound from each probe will either strike a flaw perpendicularly or nearly perpendicularly, thereby maximiz-
ing amplitudes. This benefit, in combination with more uniform sound travel paths, eliminates the require-
ment for use of a DAC curve, which will simplify calibration. Figures 15 through 18 illustrate the areas
which the transducers cover.

Calibration Standard

The calibration standard's major operational change is an offset FBH #2 (Figure 19). This prevents
undesired reflections caused from the soundwave's beamspread striking two FBHs that are too close to one
another. Other minor convenience differences include a change in EDM notch position, which will enable
verification of both top and bottom surface inspection capability, elimination of countersinks, and
graduations spaced every 1/4 inch which indicate the circumferential distances from the bottom of the FBHs.

Calibration Procedure

MTL's calibration procedure is significantly different from that of Truton/Aerospace's. It previously
was shown that a consistent DAC curve cannot be produced for this type of inspection. Therefore, MTL
has created an alternate method. Each probe will be used to evaluate only the section of the calibration
standard that it was designed to cover. The reflection from the FBH in this area will be maximized and the
gaii, set to approximately 80% screen height. This point is then marked on the screen and extended
approximately 1.5 divisions on each side. This is done for each of the probes. These lines will represent the
rejection levels for the inspection. This will ensure that each section of the parting plane is covered per-
pendicularly and with a valid rejection threshold.

Test Results

A series of tests was conducted to verify the usability of the new angles. Ten previously rejected fittings
were used in the tests. All the test data is contained in Appendix Il1. The results are summarized in the
following paragraphs.

Angle Comparison

The revised angles of 45, 55, 65, and 67 degrees were compared to the original angles of 50 and
60 degrees. This was done by setting the ultrasonic unit at a gain of 70 dB and logging the reflections of the
different probes.
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The 45-degree probe, which is designed to scan the bottom thick section of the fitting, was compared
against the 50-degree probe, which is designed to scan the bottom to middle thick section of the fitting. The
45-degree probe gave 90 indications above 30% screen height while the 50-degree probe gave only 42.
There are 33 indications which are located at approximately the same horizontal position for both angles.
Comparison of these 33 indications shows that those found with the 45-degree probe averaged 16% higher
than those found with the 50-degree probe.

The 55-degree probe, which is designed to scan-the middle thick section of the fitting, was compared to
both the 50- and 60-degree probes, which overlap while scanning the middle thick section of the fitting.
When comparing the 55-degree probe to the 50-degree probe, the 55-degree probe gave 44 indications
above 30% screen height while the 50-degree probe gave 42. There are 27 indications which are located at
approximately the same horizontal position for both angles. The 55-degree probe's indications averaged
approximately the same as the indications of the 50-degree probe. When comparing the 55-degree probe
with the 60-degree probe, the 55-degree probe gave 44 indications above 30% screen height while the
60-degree probe gave only 1. There were no indications which were located at approximately the same
horizontal position for both angles.

The 65-degree probe, which is designed t, scan the top thick section of the fitting, was compared to the
60-degree probe, which is designed to scan the top to middle thick section of the fitting. The 65-degree
probe gave 1 indication above 30% screen height while the 60-degree probe also gave 1. Both indications
are located at approximately the same horizontal position. The 65-degree probe's indication was 53%
higher than the indication of the 60-degree probe.

It was decided to reinspect the 10 fittings using the 65- and 60-degree probes because only I indication
was found on each. However, the gain was increased to 80 dB. The 65-degree probe gave 39 indications
above 30% screen height while the 60-degree probe gave 30. There are 16 indications which are located at
approximately the same horizontal position for both angles. The 65-degree probe's indications averaged
17% higher than the indications of the 60-degree probe.

The 67-degree probe, which is designed to scan the thin section of the fitting, was compared to the
60-degree probe, which is also designed to scan the thin section of the fitting. Neither the 67- nor 60-degree
probes gave any reportable indications during this test.

This series of tests confirms that the revised angles of 45, 55, and 65 degrees provide for a more sensi-
tive inspection that will detect more defects and give indications of higher amplitude.

Procedure Comparison Without Amplitude Correction Factor

Another series of tests was conducted to compare MTL's procedure with that of Truton/Aerospace.
The test results are included in Appendix IV. The results are summarized in the following paragraphs.

MTh's 45-degree probe gave no reportable indications. This is due to the near-perfect perpendicularity
of the sound striking the FBH in the standard, resulting in a substantially reduced gain setting during the
actual testing. When the sample fittings were tested, it was necessary to increase the gain by 20 dB in order
to achieve results comparable to those achieved using the 50-degree transducer.

MTL's 55-degree probe was compared to Truton/Aerospace's 50- and 60-degree probes. The
55-degree probe detected 25 reportable indications while the 50-degree probe detected 67 and the
60-degree probe detected 33. There are 24 indications which are located approximately at the same horizon-
tal position on the 50- and 55-degree probes and 18 indications on the 60- and 55-degree probes. The
55-degree probe's indications averaged 39% lower than the indications of the 50-degree probe and 1%
higher than the indications of the 60-degree probe. The reason the indications are lower when using the
55-degree probe is again due to the reduced gain setting necessitated by the sound striking the FBH more
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perpendicularly when calibrating. To achieve the same rejection level that is established with the current
procedure, the gain would have to be increased by 8 dB when using the 55-degree probe.

MTL's 65-degree probe was compared to Truton/Aerospace's 60-degree probe. The 65-degree probe
detected 37 reportable indications while the 60-degree probe detected 33. There are 18 indications which
are located at approximately the same horizontal position for the 65- and 60-degree probes. The 65-degree
probe's indications averaged 86% higher than the indications of the 60-degree probe. The reason the
indications are higher when using the 65-degree probe is due to the significantly better angle at which the
65-degree soundbeam strikes the defects. To achieve the same rejection level that is established with the
current procedure, the gain would have to be decreased by three dB when using the 65-degree probe.

Neither Truton/Aerospace's 60-degree probe nor MTL's 67-degree probe gave any reportable
indications. From this, it can be deduced that there are no defects occurring at the center portion of the
fittings that were tested.

MTL's Procedure Comparison with Amplitude Correction Factors

Upon incorporating the amplitude correction factors into the MTL procedure, the inspection results
approximated those from Truton/Aerospace. The results are included in Appendix V. It is impossible to
directly correlate the data because of the many variations between the procedures. The desired result was a
rejection rate comparability. This was achieved.

Table 2 compares the performance of each procedure against the sample root end fittings. As can be
seen from the table, the Truton procedure rejected seven fittings while the MTL procedure rejected six
fittings. It should be noted that none of the fittings has been destructively tested to identify the specific
metallurgical cause of the indications.

Table 2. COMPARISON OF PROCEDURE PERFORMANCE

(Angle Rejection Summary)

Sample Truton MTL
Fitting 60 60

S/N 50 (Thick) (Thin) 45 55 65 67

B5328 R* A A A R A A

B5102 At A A A A A A

B5298 R A A R R A A

B4994 R A A A A A A

B5227 R A A A R A A

B4906 A A A A A R A

65243 R A A R R A A

B5284 R R A R R A A

B5222 R A A A A A A

B5215 A A A A A A A

*Reject
tAccept

CONCLUSIONS/RECOMMENDATIONS

The Truton procedure, because of the combination of angles selected and the use ol a DAC form of
rejection criteria, actually provides a more sensitive and conservative inspection than originally planned. It
is MTL's judgment, after comparing results of the Truton procedure to those of the MTL modified
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procedure, that improvements can be made to the Truton procedure, but that they are considered to be dis-
cretionary in nature since experienced personnel using the Truton procedure can perform a sensitive inspec-
tion which is more likely to reject a good fitting (Error of Type I) than accept a bad fitting (Error of Type
II). However, operator-to-operator differences in results are very likely with the Truton procedure.

The 45-, 55-, and 65-degree angles of the MTL procedure have been proven to be more sensitive when
directly compared with the existing 50- and 60-degree angles at the same machine settings. However, when
using a DAC-type rejection curve of the Truton procedure, smaller indications result in rejection of the part.
Whether the indications resulting in rejection are relevant or not in terms of the actual physical condition of
the part causing the signal has not been determined. All that can be said for sure is that the Truton proced-
ure will reject more fittings and is thus more Safety-of-Flight conservative.

The MTL procedure was modified to be more sensitive by artificially adjusting the gain for the 45- and
55-degree angles a specified number of dB beyond that produced during actual calibration. As a result, the
MTL procedure now is also more sensitive than originally planned, i.e., reject on a 3/64 in. size flaw, but will
probably reject fewer fittings (approximately 14% less). It should provide more operator-to-operator
consistency.

Overall, whether or not it is worth implementing any of the revisions into the inspection operations at
this time is a decision which must be left to the PM Cobra/AVSCOM. The newly fabricated root end fittings
are scheduled to begin to be phased in during the November-December 1988 time frame, eventually result-
ing in the elimination of this inspection requirement.

Figure 1. Root end fining.
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Exit Point of Sound
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Figure 3. Trutori/Aerospace's tranducer and wedge.
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Figure 4. Truton/Aerospace's calibration standard.
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Figure 5. Sixty-degree shear wave aimed at
FBH #2 from 1.25 inches.

A
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Figure 6. Sixty-degree shear wave aimed at
FBH #1 from 0.25 inch.
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Figure 7. Sixty-degree shear wave aimed at

FBH #1 from 2.125 inches.
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Figure 8. Sixty-degree shear wave aimed at
FBH #4 from 1.75 inches.
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Figue 9. Fifty-degree shear wave aimed Figure 10. Fifty-degree shear wave aimed

at FBH #2 from 1.00 inch. at FBH #2 from 1.25 inches.
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Figure 11. Fifty-degree shear wave aimed at
FBH #2 from 1.625 inches.
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Figure 12. Parallel flat bottom holes Figure 13. Nonparallel flat bottom holes.
90 degrees to sounawave.
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Figure 14. Parallel flat bottom holes
30 degrees to soundwave.
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Figure 15. Sixty-five-degree shear wave aimed at
FSH- #1 from 0.25 inch.

A

1

Figure 16. Fifty-five-degree shear wave aimed at

FBH #2 from 1.00 inch.
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Figure 17. Forty-five-degree shear wave aimed at
FBH #3 from 1.75 inches.
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Fgure 18. Sixty-seven-degree shear wave aimed at
FBH #4 from 0.625 inch.
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Scribe lines in a radial pattern on both sides
of the .750"-thick section. The 0.250" spacing
is measured on the outer surface.
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diameter, flat-bottomed and located and located as illustrated above.
as illustrated above.

Figure 19. MTL's calibration standard.
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ULTRASONIC EXAMINATION OF ROOT END FITTING

1.0 SCOPE

1.1 This procedure shall be used to detect planar type discontinuities
which are located in or near the parting plane of the Root-End
fitting at the inboard wall of the large bore. (Refer to Figure 1)

2.0 REFERENCE

2.1 MIL-STD-2154, Ultrasonic Inspection of Wrought Metals.

2.2 MIL-STD-410, Nondestructive Examination Personnel Qualification and
Certification.

2.3 KAMAN PROCESS SPECIFICATION, KPS 207 - Ultrasonic Inspection of
K747-061 Root End Fitting, (Forging), (Machined), and (Finished
Assembly).

Note: The purpose of this procedure is for PIN K747-061-005.
Finished Root-End Fitting only.

2.4 Kaman Engineering Order, E.O. H-16 applies.

3.0 PERSONNEL

3.1 Personnel performing and evaluating to this procedure, shall be a
certified Level II or III to MIL-STD-410 in Ultrasonics.

4.0 EQUIPMENT

4.1 A pulse echo type ultrasonic unit capable of generating frequencies
up to 5 MHz shall be used. The equipment's linearity
requirements shall meet MIL-STD-2154.

4.2 Transducers shall be 0.25" in size with frequency of 5 MHz, and
equipped with shoes to transmit angle beams of 50-degree shear
and 60-degree shear into the material. The shoes shall be
machined to fit the curvature of the larger radius of the Root-End
Fitting assembly.
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ULTRASONIC EXAMINATION OF ROOT END FITTING

4.3 Calibration standards (P/N K747-061-005-T64) shall be of the same
configuration, heat treatment and surface finish condition as the
Root-End Fitting. (Excluding the black paint). (Refer to Figure 3).

4.4 Couplant shall be Ultragel II or Exosen 20. Other commercial
couplant may be used provided they contain no component which
may be injurious to the material.

5.0 CAUBRATION PROCEDURE

5.1 The calibration procedure outlined herein shall be performed prior to
the start of testing at 4 hour intervals during testing and after the
last part has been tested.

5.1.1 If any points of the DAC have decreased more than 2 Db of its
amplitude since the previous calibration check, all fittings examined
during that period shall be re-examined. If any points of the
DAC have increased more than 2=k of its amplitude, all recorded
indications since the previous calibration check shall be
re-evaluated and the values corrected on the reports.

5.1.2 Each time a calibration is performed it shall be documented on the
"Calibration Data Sheet", Appendix III to this procedure. These
sheets must be submitted with the ultrasonic reports.

5.2 Set the Horizontal Sweep Range of the examination by using the 60
degree probe. *Note: Distances listed herein are circumferential
distances.

5.2.1 Establish the exit point by scanning on the top of the 0.030" or
0.050" deep notch. (Refer to Figure 3). Maximize the signal
obtained and adjust the sweep (delay) control to set the signal at
"0" screen division on the Horizontal Sweep.

5.2.2 Scan to detect the 0.050" deep notch by moving the probe to
approximately 2." from the notch to the exit point of the probe.
Maximize the signal obtained and adjust the range control to set
the signal at the 7th major screen division on the Horizontal
Sweep.

5.2.3 Repeat 5.2.1 and 5.2.2 and re-adjust the controls if necessary.

5.3 The sensitivity of the examination shall be established using a
Distance Amplitude Correction (DAC) Curve as described below.
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ULTRASONIC EXAMINATION OF ROOT END FITTING

5.3.1 Using the 60 degree probe, obtain a signal from the center hole
#2 (probe location is approximately 1.25" from the 0.030" and
0.050" deep notch and the signal will be located (approx.) between
the 4th and 5th major screen division on the Horizontal Sweep.)
Maximize the signal on the #2 hole by manipulating the probe in
all directions (X, Y) to obtain the highest signal amplitude and
then adjust the Instrument Gain to achieve a signal of 100% Full
Screen height on the Vertical Sweep. Mark the screen locations
of the peak amplitude (100% Full Screen Height) on the Vertical
Sweep and the position on the Horizontal Sweep.

5.3.2 Without changing the gain, obtain a signal from the top hole #1
(probe location is (approx.) 0.25' from the 0.030" and 0.050" deep
notch and the signal will be located (approx.) at the 1st major
screen division on the Horizontal Sweep). Maximize the signal by
manipulating the probe to obtain the peak signal amplitude. Mark
the location of the peak signal on the Vertical Sweep and the
position on the Horizontal Sweep.

5.3.3 Obtain a signal from the top hole #1 (probe location is (approx.)
2.125" from the 0.030" and 0.050" deep notch and the signal will
be located (approx.) at the 8th major screen division on the
Horizontal Sweep.) Maximize the signal by manipulating the probe
to obtain the peak signal amplitude. Mark the location of the
peak signal on the Vertical Sweep and the position on the Horizon-
tal Sweep. Note: This signal is obtained after the sound skips
off the O.D. surface to the #1 Hole.

5.3.4 Draw a line on the scope joining the three points obtained on the
Vertical Sweep. Extend this line for one additional screen division
to the right. This shall be the DAC Curve reference for the 60
degree shear scan on the 0.75" thick section of the Root-End
fitting.

5.3.5 For the 0.25 " section, establish a DAC by obtaining a signal from
hole #4 and adjust the gain to match the height of the 0.75"
DAC Curve. This shall be the DAC Curve for the 0.25" section of
the Root-End Fitting.
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ULTRASONIC EXAMINATION OF ROOT END FITIING

5.4.0 Using the 50 degree probe, obtain a signal from the center hole
#2 (probe location is approx. 1.0" from the 0.030" and 0.050"
deep notch and the signal will be located (approx.) between the
3rd and 4th major screen division on the Horizontal Sweep.)
Maximize the signal on the #2 hole by manipulating the probe in
all directions (X, Y) to obtain the highest signal amplitude then
adjust the Instrument gain to achieve a signal of 100% Full
Screen height on the Vertical Sweep. Mark the screen location of
the peak amplitude (100% Full Screen Height) on the Vertical
Sweep and the position on the Horizontal Sweep.

5.4.1 Without changing the gain, obtain a signal from the bottom hole
#3 (probe location is approx. 1.25" from the 0.030" and 0.050"
deep notch and the signal will be located (approx.) between the
4th and 5th major screen division on the Horizontal Sweep.)
Maximize the signal by manipulating the probe to obtain the peak
signal amplitude. Mark the location of the peak signal on the
Vertical Sweep and the position on the Horizontal Sweep.

5.4.2 Obtain a signal from the center hole #2 (probe location is approx.
1.75" from the 0.030" and 0.050" deep notch and the signal will
be located (approx.) at the 6th major screen division on the
Horizontal Sweep. Maximize the signal by manipulating the probe
to obtain the peak signal amplitude. Mark the location of the
peak signal on the Vertical and the position on the Horizontal
Sweep.

5.4.3 Draw a line on the scope joining the three points obtained on the
Vertical Sweep. Continue this line one screen division on each
end of the three points marked. This shall be the DAC Curve
Reference for the 50 degree shear scan on the 0.75" thick section
of the Root-End Fitting.
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6.0 EXAMINATION PROCEDURE AND EVALUATION PROCEDURE

6.1 The area of interest for this inspection is the forging parting plane
and approximately 1/8" either side of the parting plane. (Refer to
Figure 1) In order to facilitate maximum coverage of this area
and to reduce the number of signals not relevant to this area the
following scanning procedure shall be followed.

6.1.2 For the 3/4" thick sections, the 60 degree transducer shall be used
to scan the fitting from up to the parting plane to 2-3/16" from
the parting plane. (Refer to Figure 6) For the 1/4" thick section
the scan shall be from up to the parting plane to 1-1/2" from the
parting plane. These are circumferential distances measured from
the parting plane.

6.1.3 The 50 degree transducer shall be used to scan only the 3/4 inch
thick sections. The fitting shall be scanned from 1/2" from the
parting plane to 2" from the parting plane. (Refer to Figure 7)
These are circumferential distances measured from the parting plane.

6.2 Scanning for both angles shall include 100% of the surfaces
indicated. The transducer shall be overlapped a minimum of 10%
for each scan pass. The scanning shall be from both sides of
the parting plane with the sound beam directed towards the part-
ing plane. The aft side of the fitting shall be scanned only as
far back as the part geometry will permit good probe contact with
the part.

6.3 Scanning shall be limited to the straight surfaces only. The corners
shall not be scanned as scanning in these areas will cause non-
relevant indications.
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ULTRASONIC EXAMINATION OF ROOT END FITNG

6.4 Scanning on the section with the smaller radius will cause surface
waves which are not relevant to this exam. Indications which are
found during this scan shall be checked to see if they are
caused by surface waves.

6.5 Prior to scanning.add 10 decibels to the calibration sensitivity
established in Section 5 to this procedure. This will assure that
all flaws which are possibly reportable or rejectable are detected.

6.6 All indications within the are of interest shall be maximized by probe
manipulation. The indications shall then be evaluated at the refer-
ence level.

6.7 Indications outside of the DAC shall be considered non-relevant.

7.0 REPORTABLE INDICATIONS

7.1 All relevant indications with an amplitude greater than 30% shall be
reported. Amplitudes of reportable indications shall be recorded
as percentage of reference level. (Refer to Table I)

7.2 Reporting shall be done on Form QF 4.1.344 Rev. 2/87 (See
attached sample form)

8.0 UNACCEPTABLE INDICATIONS

8.1 All relevant indications which exhibit an amplitude greater than 100%
of calibration level, (MIL-STD-2154 CL-AA Single Indication of a #3
Flat Bottom Hole) shall be rejected. The segment where the
indication is located shall be recorded as per Figure #2 and #5.
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ULTRASONIC EXAMINATION OF ROOT END FITTING

Table I
Percentage/dB Deviation from DAC

dB % dB %

-20 1008 0 100
-19 899 + 1 89
-18 800 +2 79
-17 713 +3 71
-16 635 +4 63
-15 565 +5 56
-14 504 +6 50
-13 449 +7 45
-12 400 +8 40
-11 356 +9 35
-10 317 +10 31
-9 283 +11 28
-8 252 +12 25
-7 224 +13 22
-6 200 +14 20
-5 178 +15 18
-4 159 +16 16
-3 141 +17 14
-2 126 +18 13
-1 112 +19 11
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CALIBRATION DATA SHEET

Date
Probe Angle - Calibration Time

Probe No. Initial

Cal. Std. Intermediate

Intermediate Reject

Final Gain

D.A.C. 
PLOT

Coarse

90 Fine

so Freq.

70 Damoing

b( -- Delay

50 Coarse

40 Fine

30 .Range

20 Coarse

10-- -•Fine

O1 2 3 4 5 6 7 8 9 t0

HOLE NO. SWEEP AMP.

i nspec tor
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Test Zone Scan Directions
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Figure 1. Figure 2.
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Figure 5. Identification of part segment for
reporting rejectable indications.
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Parting Plane

60" Probe

Figure 6.

Parting Plane
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50" Probe

Figure 7.
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Addendum 1.

KAMAN
To Whom It Bay Concern:

The standard you hbe received Is serial nimbr. ibTis standrd is only to

be used In ..mjuactlis with 5W transducer ABM~504 serial nmber and 60* transducer
A31Q504 serial nmber ___ This Is a matched set. All amplituds re equal to the
gowns Aerospace seaster stanad

Please be advised that air can form between the transducer and the shoe. In this
event. follow the steps listed below:

1. Reove the transducer from the shoe by loosening the two retaining screws.

2. gsin a soft clean cloth, remove foreign material (air. loose dirt. excess couplant)
from both surfaces.

3. Place couplant on transducer and shoe.

/.. Locate the arrow on the transducer. Place the transducer with the arrow facing
towards the pointed end of the shoe.

5. Apply light pressure on both the shoe and the transducer to renvo any air that

Is trapped In the couplanc.

6. Replace screw.

NOT: It Is Important that the screw be placed straight into the holes so they
do not strip the threads as they are tightened. Insert both screws until
several threads are engaged. Then tighten both screws, ensuring that the
transducer Is squarely aligned against the shoe.

If you have any questions or problems, please feel free to call me at (203)
243-7402.

RoberE Germe,
Quality Control Frorrac Manager

enc.
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APPENDIX II. ULTRASONIC INSPECTION PROCEDURE

FOR KAMAN ROOT END FITTING PART NUMBER K747-061-005

1.0 Scope

1.1 This is an ultrasonic inspection procedure for Kaman Aerospace Corporation's K747-061-005 Root End
Fitting. It shall be used to detect planar type discontinuities which are located in or near the parting
plane of the fitting at the inboard wall of the large bore.

2.0 References

2.1 MIL-STD-2154, Ultrasonic Inspection of Wrought Metals.

2.2 MIL-STD-410, Nondestructive Examination Personnel Qualification and Certification.

3.0 Personnel

3.1 Personnel inspecting and evaluating with this procedure shall be certified to level II or higher in Ultrason-
ics lAW MIL-STD-410.

4.0 Equipment

4.1 A pulse echo ultrasonic unit capable of generating frequencies up to 5 MHz shall be used. The
equipment's linearity capabilities shall meet the requirements of MIL-STD-2154.

4.2 A probe consists of a transducer and wedge. They shall conform to the following chart:

Wedge Wedge Contour Transducer Transducer
Angle Diameter Size Frequency

(Degrees) (Inches) (Inches) (MHz)

45 4.75 0.250 5

55 4.75 0.250 5

65 4.75 0.250 5

67 3.75 0.1875 5

4.3 Calibration standards (Figure II-1) shall be of the same material, configuration, heat treatment and sur-
face finish as the root end fittings. Black paint shall be excluded.

4.4 Couplant shall be Ultragel II, Exosen 20, or any other commercial couplant that will not be harmful to
the root end fitting.

5.0 Calibration Procedure

5.1 The calibration procedure described in the following paragraphs shall be performed prior to the
inspections done each day. The results shall be verified at least once every 4 hours and after the last
fitting has been inspected for the day.

5.1.1 If any calibration point has decreased in amplitude by more than 2 dB since the previous verification, all
fittings inspected during that period shall be re-inspected. If any calibration points have increased in
amplitude by more than 2 dB, all recorded indications since the previous verifiation shall be re-
evaluated and the values corrected on the inspection data log sheet.
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5.1.2 After a calibration is performed, it shall be recorded on the calibration data log sheet in Appendix I.
The times of the initial calibration, intermediate calibration check, and final calibration check shall
also be recorded.

5.2 The horizontal sweep will be established by using the 65-degree probe and the notches on the 0.75-inch-
thick section of the standard.

5.2.1 Scan over the top of the notch to establish the beam exit point. Maximize the signal and adjust the
delay until the beginning of the indication is at the 0 division on the horizontal scale.

5.2.2 Move the probe back a circumferential distance of approximately 1.75 inches and scan to detect the
same notch. Maximize the signal, and adjust the range until the beginning of the indication is at 7
divisions on the horizontal scale.

5.2.3 The range and delay will slightly affect each other when they are adjusted, therefore, it may be neces-
sary to repeat steps 5.2.1 and 5.2.2 several times until the indications are seen exactly at 0 and 7
divisions on the horizontal scale.

5.3 The sensitivity of the examination is established using defect rejection levels. They are determined by
scanning the flat-bottom holes (FBHs) with the different probes at different distances and adjusting
the gain until the indications are equal to or just greater than 80% screen height.

5.3.1 Using the 65-degree probe, locate the beam exit point on the transducer wedge by scanning over the
top of the notch on the 0.75-inch section of the calibration standard. Use this as a reference point
when measuring the FBH to probe distance. Scan at approximately 0.25-inch back from the bottom of
FBH #1 (Figure 11-2) to obtain a signal at approximately 1 division on the horizontal scale. Maximize
the signal by manipulating the probe, and adjust the gain so that the amplitude is equal to or just grea-
ter than 80% screen height. Mark the screen at this peak, and draw a line a length of 1.0 division to
the left and 1.5 divisions to the right of this point parallel to the base line. Subtract 3 dB from the gain
setting. This will be the rejection threshold gain setting. Record this gain setting, the horizontal and
vertical positions, and circumferential distance from the parting line on the calibration data log sheet.
To ensure top surface inspection capability, face the probe toward the top surface notch, and scan
from a distance of approximately 1.75 inches.

5.3.2 Using the 55-degree probe, locate the beam exit point on the transducer wedge by scanning over the
top of the notch on the 0.75-inch section of the calibration standard. (NOTE: The delay will have to
be adjusted to see the indication. Make sure that it is returned to its original position immediately
afterwards.) Use this as a reference point when measuring the FBH to probe distance. Scan at
approximately 1.0 inch back from the bottom of FBH #2 (Figure 11-3) to obtain a signal at approxi-
mately 3.5 divisions on the horizontal scale. Maximize the signal by manipulating the probe, and
adjust the gain so that the amplitude is equal to or just greater than 80% screen height. Mark the
screen at this peak, and draw a line 1.5 divisions in length on each side of this point parallel to the base
line. Add 8 dB to the gain setting. This will be the rejection threshold gain setting. Record this gain
setting, the horizontal and vertical positions, and circumferential distance from the parting line on the
calibration data log sheet.

5.3.3 Using the 45-degree probe, locate the beam exit point on the transducer wedge by scanning over the
top of the notch on the 0.75-inch section of the calibration standard. (NOTE: The delay will have to
be adjusted to see the indication. Make sure that it is returned to its original position immediately
afterwards.) Use this as a reference point when measuring the FBH to probe distance. Scan at approx-
imately 1.75 inches back from the bottom of FBH #3 (Figure 11-4) to obtain a signal at approximately
5.75 divisions on the horizontal scale. Maximize the signal by manipulating the probe, and adjust the
gain so that the amplitude is equal to or just greater than 80% screen height. Mark the screen at this
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peak, and draw a line 1.5 divisions in length on each side of this point parallel to the base line. Add 20
dB to the gain setting. This will be the rejection threshold gain setting. Record the gain setting,
horizontal and vertical positions, and circumferential distance from the parting line on the calibration
data log sheet. To ensure bottom surface inspection capability, face the probe toward the bottom sur-
face notch, and scan from a distance of approximately 1.5 inches.

5.3.4 Using the 67-degree probe, locate the beam exit point on the transducer wedge by scanning over the
top of the notch on the 0.25-inch section of the calibration standard. Use this as a reference point
when measuring the FBH to probe distances. Scan at approximately 0.625 inch back from the bottom
of FBH #4 (Figure 11-5) to obtain a signal at approximately 2.5 divisions on the horizontal scale. Max-
imize the signal by manipulating the probe, and adjust the gain so that the amplitude is equal to or just
greater than 80% screen height. Mark the screen at this peak, and draw a line toward the left to the 0
division line and an equal distance (approximately 2.5 divisions) to the right parallel to the base line.
Record the gain setting, horizontal and vertical positions, and circumferential distance from the part-
ing line on the calibration data log sheet. To ensure top and bottom surface inspection capabilities,
face the probe first toward the top surface notch, and scan from a distance of approximately 1.2
inches, then toward the bottom surface notch, and scan from a distance of approximately 0.8 inch.

5.3.5 The previous paragraphs can be summarized in the following chart:

Wedge Calib Std Approx Dist Approx Pos on Am I
Angie Section FBH From FBH Bot Hoiz Scale Cor Fac

(Degrees) (Inches) # (inches) (Divisions) (dB)

65 0.75 1 0.25 1 -3

55 0.75 2 1.0 3.5 +8

45 0.75 3 1.75 5.75 +20

67 0.25 4 0.625 2.5 0

6.0 Inspection Procedure

6.1 All scanning will be done with a 6 or more dB gain increase. (The scanning increase is over and above
the amplitude correction factor and should not be confused with it.) The gain increase must be
removed before evaluating the indications. Inspections will be accomplished from both forward and
aft locations with the probe always facing the parting line (Figure 11-6). Scanning will be done in a cir-
cumferential direction with axial indexing with at least 10% overlap. All required data shall be
recorded on the inspection data log sheet in Appendix II.

6.2 Using the 65-degree probe, scan the width of the top and bottom 0.75-inch sections between the parting
plane and 0.625-inch circumferential distance from the parting plane. Evaluate only those indications
occurring between 0 and 2.5 divisions on the horizontal scale.

6.3 Using the 55-degree probe, scan the width of the top and bottom 0.75-inch sections between 0.625 and
1.375 inches circumferential distance from the parting plane. Evaluate only those indications occur-
ring between 2 and 5 divisions on the horizontal scale.

6.4 Using the 45-degree probe, scan the width of the top and bottom 0.75-inch sections between 1.375 and
2.125 inches circumferential distance from the parting plane. Evaluate only those indications occur-
ring between the 4.25 and 7.25 divisions on the horizontal scale.

6.5 Using the 67-degree probe, scan the width of the 0.25-inch section between the parting plane and 1.25
inches circumferential distance from the parting plane. Evaluate only those indications occurring
between 0 and approximately 5 divisions on the horizontal scale. Surface waves will sometimes be
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generated during this part of the inspection. If suspected, they may be damped by placing your finger

on the fitting in front of the probe while scanning.

6.6 The previous paragraphs can be summarized in the following chart:

Wedge Ref Approx Dist Approx Pos on
Angle Section From Prt Pin Horiz Scale

(Degrees) (Inches) (inches) (Divisions)

65 0.75 0-0.625 0-2.5

55 0.75 0.625 - 1.375 2-5

45 0.75 1.375 - 2.125 4.25-7.25

67 0.25 0-1.25 0-5

7.0 Evaluating and Reporting

7.1 All relevant indications with an amplitude equal to or greater than 30% of the defect rejection level
shall be reported on the inspection data log sheet (Appendix II). This percentage may be found with
a calculator by dividing the amplitude of the reflection by the rejection level above or below the point.
If the reflection is off screen, the dB gain can be decreased until the reflection is equal to the rejection
level. The percentage may be found by using the chart in Figure 11-7. The location conventions of the
root end fitting segments are illustrated in Figure 11-6.

7.2 All relevant indications with an amplitude greater than 100% of the established rejection level, (MIL-
STD-2154 CL-AA Single Indication of a #3 Flat Bottom Hole) shall be cause for the fitting to be
rejected.

7.3 All rejected fittings shall be red tagged and brought to the attention of the maintenance officer in
charge of the aircraft or other authorized personnel.

7.4 The aircraft log books and historical records shall be updated after each inspection.

7.5 Copies of the inspection data log sheets and calibration data log sheets shall be submitted to: Comman-
der, AVSCOM, Attn: AMCPM-CO-L (Mayola Andrews), St. Louis, MO 63120-1798, and to: Kaman
Aerospace Corporation, PO Box 2 (Robert Germer), Bloomfield, CT 06002-0002.
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Scribe lines in a radial pattern on both sides
of the 0.750"-thick section. The 0.250" spacing
is measured on the outer surface.

603471± 00011~ WA

RO.375 ± 0.005
cleanup cut to be
at least 750 of rotation.

Section A-A Section B-B
Slot

1 2.500 2. - Orientations

37L .500 37_ .625 1_625 Orientation

.062S T £- .tL-p
.o# , - -- " T Lr -v "DI. ..- 'it

it .375 T'500
#2+ -

.0625 = #34~ 4 .1250

Holes 1 through 4 should be 3/64 EDM notches should be (L-0.250, W-0.006, D-0.050)
diameter, fiat-bottomed and located and located as illustrated above.
as illustrated above.

Figure I-., Calibration standard.
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Figure 11-2. Sixty-fivedegree shear wave aimed at

FBH #I from 0.25 inch.

2

-4/

Figure 11-3. Fifty-five-degree shear wave aimed at
FBH #2 from 1.00 inch.
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I I

Figure 11-4. Forty-five-degree 
shear wave aimed at

FBH #3 from 1.75 inches.

A --.-

,/

Figure 11-5. Sixty-seven-degree 
shear wave aimed at

FBH #4 from 0.625 inch.
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FTi

T2

T3

fl

BI2 Bottom Center Top

Surface Surface Surface
#2 #3 #1

B3

0

Figure 116. Location conventions.
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Percentage/dB Deviation from DAC

dB dB*

-20 1008 0 100

-19 899 + 1 89

-18 800 + 2 79

-17 713 + 3 71

-16 635 + 4 63

-15 565 + 5 56

-14 504 + 6 50

-13 449 + 7 45

-12 400 + 8 40

-11 356 + 9 35

-10 317 +10 31

- 9 283 +11 28

- 8 252 +12 25

- 7 224 +13 22

- 6 200 +14 20

- 5 178 +15 18

- 4 159 +16 16

- 3 141 +17 14

- 2 126 +18 13

- 1 112 +19 11

Figure 11-7. dB chart.

44



Appendix 1.

CALIBRATION DATA LOG SHEET

Location Unit

Date Reject

Initial Time Damping

Intermediate Delay

Intermediate Coarse

Final Time Fine

Range

Calibration Standard Coarse

Fine

FBH Probe Probe Gain Sweep Ampl. Dist.

# Angle Number

NOTES:

70

60

40 -"

40

-- - - - - Inspector

2 3 45 6 7 8 9 10
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APPENDIX III. TRANSDUCER WEDGE ANGLE DATA RESULTS

No Procedure, Gain = 70 dB
45.Degre Probe

REF# TF1 TF2 TF3 TAl TA2 TA3 BFI BF2 BF3 BAl BA2 BA3

B5328 37 35 - - 48 34 - - - -

41 38 50 38

B5102 46 40 35 - - - 32 34 30 - - -

37

B5298 52 44 31 - - - 36 35 52 - - -

62 55 38 44 42 53

B4994 - - - - - 31 36 32 - - -

34 38 55

B5227 . .. - - 31 41 31 - - -

39

B4906 - - - - - -

B5243 43 30 30 - - - 37 71 60 - - -

44 37 32 44 80 66

B5284 - 44 48 - - - 35 67 32 - - -

!59 57

B5222 44 53 38 .- 32 - - - -

B5215 - - - - 31 . . . .
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No Procedure, Gain = 70 dB

55-Degree Probe

REF # TF1 TF2 TF3 TAl TA2 TA3 BF1 BF2 BF3 BAl BA2 BA3

B5328 35 33 -. . . 31 - - - - -

38 38

B5102 38 - 31 .. - - 31 - - -

B5298 40 42 - - - 42 - - -

55

B4994 - - - - 30 32 42 - - -

B5227 - - 43 - - 34 45 46 48 36 - -

B4906 - - - - - - - - - -

B5243 - - - - 35 46 47
55 48

B5284 31 30 36 - - - 45 57 37 - - -

B5222 - 32 .- - - -.

B5215 -
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No Procedure, Gain = 80 dB
65-Degree Probe

REF * TFI TF2 TF3 TAl TA2 TA3 BF1 BF2 BF3 BAl BA2 BA3

B5328 - - - - - - 46 46 - 52 - -

50 50 60

B5102 - 30 45 - 40 40 40 31 - - -

45 49 41 32

B5298 - - - - - - - 74 30 - 32

B4994 - 32 32 - - 34- - - - -

B5227 - - - - - --- - - - -

B4906 - - - - - - - - 57 - - 344

B5243 - - - - - -- - - - -

B5284 - - - - - - 35 30 - 40 - -

51

B5222 - - - - - - - - - - - -

B5215 - - - - - - - - - - - -
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No Procedure, Gain = 70 dB

67-Degree Probe

REF # CF1 CF2 CF3 CAl CA2 CA3

B5328 - - 30 30 30 30

40 43

B5102 30 35 40 30 32 -

60

B5298 - - - - - -

B4994 - - - - - -

B5227 - - - - - -

B4906 - - - - - -

B5243 - - - - - -

B5284 - - - - - -

B5222 - - - - - -

B5215 32 52 43 - - -
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No Procedure, Gain = 70 dB

50-Degree Probe

REF # TF1 TF2 TF3 TAl TA2 TA3 BF1 BF2 BF3 BAl BA2 BA3

B5328 - . . . . 32 -

40

B5102 34 .- 30 - . .

B5298 . . . - - 46
52

B4994 . . . - - 30 -

39

B5227 - 35 42 30 - - -

B4906 - - - -

B5243 - - - 32 58 49
38 61 50

B5284 34 50 44 - - - 51 62 30 - - -

B5222 30 44 .- - - -.

B5215 - -
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No Procedure, Gain = 80 dB

60-Degree Probe

REF # TF1 TF2 TF3 TAl TA2 TA3 BF1 BF2 BF3 BAl BA2 BA3

B5328 - 30 - - - 44 35 30 - 40 - -

36 40

B5102 - 30 48 - 30 36 35 30 - - -

52 39 38

B5298 - - - - - - - - 57 - - -

84994 - - - - - - 34 - - - - -

B5227 - - - - - - - - 38 33 35

B4906 - - - - - - - - - - - 202

B5243 - - - - - --- - - - -

B5284 - - - - -- 30 30 - - - -

34 40

B5222- - - - 36 - - - - - -

B5215 - - - - - - - - - - - -
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APPENDIX IV. PROCEDURE DATA RESULTS7

MTL Procedure Data Results (wIO Correction Factor)
45.OegreS Probe

REF # TF1 TF2 TF3 TAI TA2 TA3 BF1 BF2 BF3 BAl BA2 BA3

B4906 - - - - - - - - - - - -

B4994 - - - - - - - - - - - -

B5102 - - - - - - - - - - - -

B5215 - - - - - - - - - - - -

B5222 - - - - - - - - - - - -

B5227 - - - - - - - - - - - -

B5243 - - - - - - - - - - - -

B5284 - - - - - - - - - - - -

B5298 - - - - - - - - - - - -

B5328 - - - - - - - - - - - -
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MTL Procedure Data Results (w/o Correction Factor)

55-Degree Probe

REF # TF1 TF2 TF3 TAI TA2 TA3 BF1 BF2 BF3 BAI BA2 BA3

B4906

B4994

B5102 31 43 31 - - - 30 32 30 - - -

B5215 - - - - - -

B5222 - - - - - - -

B5227 - - 54 - - 36 32 54 54 34 - -

B5243 - - - - - 42 43 - - -

B5284 - - - 60 52 67 - - -

B5298 37 46 - - - 42 - - -

B5328 35 32 - . . 37 . . . . .
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MTL Procedure Data Results (w/o Correction Factor)

65-Degree Probe

REF # TF1 TF2 TF3 TA TA2 TA3 BF1 BF2 BF3 BA1 BA2 BA3

B4906 - - 68 - - 338

B4994 - - - - - -. 77 58 - -

B5102 78 52 68 35 41 41 - - .

B5215 - - - - - - . . . .

B5222 - - - - - - - - - -

B5227 70 74 71 82 107 58 75 84 102 90 56 52

B5243 96 - - - - - - 70 68 - - -

B5284 - 54 45 - - -

B5298 . .- - - 62 47 32 -

B5328 - - - 63 - - 75 77 70 56 65 77
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Truton Procedure Data Results
50-Degree Probe

REF # TF1 TF2 TF3 TAl TA2 TA3 BF1 BF2 BF3 BAl BA2 BA3

B4906 - - - - - - - - - - - -

B4994 32 42 67 - 32 36 35 112 85 57 45 30

B5102 50 57 100 - 52 42 100 72 80 57 - -

B5215 45 57 52 - 30 35 65 77 57 57 30 -

B5222 107 117 70 - - - 125 105 55 - - -

B5227 60 60 65 - - 60 135 190 97 - - -

B5243 77 100 67 - - - 57 101 97 - - -

B5284 35 72 67 - - - 110 110 48 - - -

B5298 40 57 35 - - - 52 32 125 - - -

B5328 75 67 50 - - - 102 50 40 - - -
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Truton Procedure Data Results

60-Degree Probe

REF # TF1 TF2 TF3 TAI TA2 TA3 BF1 BF2 BF3 BAl BA2 BA3

B4906 - - - - - - - 31 - - 54

B4994 - 38 46 - - 37 41 34 - 43 34 -

B5102 - - 30 - 50 48 - - - - -

B5215 - - - - - - 39

B5222 - 38 - - 30 - - - - - - -

B5227 - - - - - - 39 34 36 48 39 33

B5243 - - - - - - - - - -

B5284 - 36 35 - - - 31 107 70 - 45 45

B5298 - - - - - - - 75 - - -

B5328 41 - 39 57 - - 50 - -
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APPENDIX V. MTL PROCEDURE DATA RESULTS (WITH CORRECTION FACTOR)

45-Oegree Probe

REF * TF1 TF2 TF3 TAI TA2 TA3 BF1 BF2 BF3 BAl BA2 BA3

B5328 60 61 - - 82 55 - - - -

68 67 88 68

B5102 75 75 68 - - - 60 60 58 - - -

62

B5298 93 71 53 - - - 66 64 87 - - -

110 96 65 80 72 91

B4994 - - - - - 56 62 57 - - -

60 66 98

B5227 . .. - - 53 75 57 - - -

64

B4906 - - - - - -

B5243 76 52 54 - - - 68 126 102 - - -

79 66 77 134 120

B5284 - 78 86 - - - 65 122 57 - - -

103 98

B5222 75 96 63 .- 59 - - - -

B5215 - 54 - . . . . . . . .
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55-Degree Probe

REF # TF1 TF2 TF3 TAl TA2 TA3 BFI BF2 BF3 BAl BA2 BA3

B5328 104 78 51 - - - 78 43 37 -

114 90 58 83 48 40

B5102 96 71 62 - 40 71 58 75 73 42 - -

B5298 46 73 - - - 41 39 102 - -

82 84 42 104

B4994 48 52 46 - - 50 51 63 63 54 46 -

70 93

B5227 40 41 61 - - 78 72 117 45 182 62 37
42 121 76 134 69

B4906 - - - - - - - - - - - -

B5243 37 36 37 - - 40 40 65 78 -

48 85 103

B5284 64 42 72 - - 39 124 126 74 106
69 92 153 146 90

B5222 80 81 57 - - - - 36 35 -

83

B5215 60 68 42 - - - 56 58
67 48
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55-Degree Probe

REF # TF1 TF2 T73 TAl TA2 TA3 BF1 BF2 BF3 BAl BA2 BA3

B5328 - - - - - - 51 55 40 - - -

B5102 40 33 36 - - - - - - -

B5298 - - - - - - - - 48 - - -

B4994 45 45 34 - - - 41 36 - - - -

B5227 68 68 64 77 86 55 71 59 64 59 52 73

B4906 - - - - - - - - 43 - - 239

B5243 68 51 - - - - 52 63 68 - -

B5284 - - - - - - 48 32 - - - -

B5222 - --- - - - - - - -

B5215- - - - - - - - - - - -
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